The second Basel Capital Accord points to market discipline as a tool to reinforce capital standards and supervision in promoting bank safety and soundness. The Bank for International Settlements contends that market discipline imposes strong incentives on banks to operate in a safe and efficient manner -in particular, to maintain an adequate capital base to absorb potential losses from their risk exposures.
2 stops, in terms of liquidity, things will be complicated. But as long as the music is playing, you've got to get up and dance. We're still dancing ." 4 In this paper we investigate the role of market discipline in banks' risk-taking, in particular, the relationship between equity capital levels and bank financial performance. We apply the measurements and techniques developed by Hughes, Lang, Moon, and Pagano (1997) and described in Hughes, Lang, Mester, Moon, and Pagano (2003) and more recently in Hughes, Mester, and Moon (2016) , to 2007 and 2013 data on top-tier, publicly traded U.S. bank holding companies.
We find evidence suggesting that market discipline rewards risk-taking at some of the largest U.S. financial institutions. In particular, we find evidence of two faces of equity investmentdichotomous capital strategies for maximizing value. At banks with higher-valued investment opportunities, on the margin an increase in their equity capital ratio is associated with better financial performance, while at banks with lower-valued investment opportunities, a marginal decrease in their equity capital ratio is associated with better financial performance.
Because the largest U.S. financial institutions tend to have lower-valued investment opportunities, our results suggest that they may have a market-based incentive to reduce their capital ratio. To the extent that market discipline rewards reducing the capital ratio among the largest banks, it would tend to undermine financial stability. Our results support the need for regulatory capital requirements. They are also consistent with other papers in the literature that suggest that market discipline may have actually encouraged risk-taking at large financial institutions leading up to the crisis. For example, Laeven and Levine (2009) examined the largest banks in a number of countries and concluded that large, diversified shareholders at these banks generally prefer riskier investment strategies than managers, and that they exercise sufficient corporate power to effect the riskier strategies.
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The rest of the paper is organized as follows. Section I reviews the literature on capital strategies. Section II describes the two measures of financial performance that we use to investigate the role of equity capital in the financial performance of U.S. commercial banks.
Section III presents a measure of the value of banks' investment opportunities. Section IV discusses the data. Section V presents our results, and Section VI concludes. Marcus (1984) investigates the different risk-taking incentives of banks with high-valued investment opportunities versus those with low-valued opportunities. He shows that value maximization for banks with low-valued investment opportunities involves taking more risk to exploit the option value of explicit and implicit deposit insurance, while, for banks with high-valued opportunities, value maximization entails less risky investment strategies to protect their charters.
I. Literature Review
Entry into banking requires a charter issued by a regulatory authority. Restrictions on bank entry create market power, which makes valuable investment opportunities even more valuable. In contrast, competitive markets tend to undermine charter value. 5 In the case of banks with highvalued opportunities, to the extent that market discipline encourages managers to adopt valuemaximizing investment strategies, these strategies entail less risk-taking and so promote financial stability, while, in the case of banks with low-valued opportunities, market discipline would encourage more risk-taking and would tend to work against financial stability.
A contrasting incentive that encourages risk-taking results from mispriced deposit insurance. The general lack of risk-pricing and the implicit insurance obtained from the too-big-tofail doctrine weaken the link between the cost of borrowed funds and the riskiness of investment strategies. Thus, the cost of funds does not respond fully to more risky investment strategies with higher expected returns. For banks operating in more competitive markets and in markets with less valuable investment opportunities, smaller expected bankruptcy costs make more risky investment strategies that exploit the option value of deposit insurance and the too-big-to-fail doctrine value maximizing.
Using 1994 data on U.S. bank holding companies, Hughes, Lang, Moon, and Pagano (1997) find evidence of these dichotomous investment strategies. Keeley (1990) considers the period during which interstate branching regulations were liberalized, which increased competition among banks and reduced their charter values. He links the decline in charter values with increased financial leverage in U. S. banking. Grossman (1992) considers the period after the passage of deposit insurance for U.S. thrifts in 1934 and finds evidence that insured thrifts adopted more risky investment strategies than uninsured thrifts. Calomiris and Nissim (2007) regress the ratio of the market value of equity to its book value on variables characterizing banks' investment strategies and find that the market-to-book equity ratio is negatively related to capital for banks with lower capital ratios and positively related for banks with higher capital ratios. Thus, banks with a lower capital ratio appear to be overcapitalized, while those with a higher capital ratio, undercapitalized. De Jonghe and Vander Vennet (2005) use the noise-adjusted measure of Tobin's q ratio to measure performance and find a nonmonotonic relationship of market value and the book-value ratio of equity capital to assets -a relationship qualitatively the same as the one found by Calomiris and Nissim (2007) . McConnell and Servaes (1995) propose a hypothesis for nonfinancial firms that yields implications similar to Marcus (1984) . Firms with high-valued investment opportunities for which the underinvestment problem is particularly acute maximize value by employing less financial leverage. On the other hand, firms with low-valued investment opportunities for which overinvestment from free cash flow reduces value maximize value by using more financial leverage 5 to put performance pressure on managers. The authors refer to these dichotomous strategies as the "two faces of debt."
II. Measuring Financial Performance 6
Unlike accounting-based measures of performance that gauge current and past performance, a firm's market value provides the market's expectation of the firm's current and future cash flows discounted at a rate that reflects the market's assessment of the firm's exposure to market-priced risk. As in Hughes, Mester, and Moon (2016) , we measure banks' performance by the market value of their assets and by the difference between their best-practice market value of assets and their achieved market value, adjusted to eliminate statistical noise. While market value is correlated with agency problems, the difference between potential and realized market valuelost market value -more directly gauges the extent of agency problems.
The best-practice market value of assets is obtained from the estimation of a stochastic frontier -an upper envelope of market value as a function of the book-value investment in assetsfor publicly traded, top-tier U.S. bank holding companies. The frontier answers the question: what is the best-practice market value of assets observed for any given book-value investment in assets? 7
The elimination of statistical noise from the difference between the best-practice and observed market values means that this lost market value represents systematic underperformance. We normalize the lost market value by the best-practice value so that it is a measure of the marketvalue inefficiency ratio. As a measure of systematic underperformance, market-value inefficiency 6 captures such managerial phenomena as sub-par investment strategies, perquisite consumption, taking too little or too much risk to enhance control, nepotism, prejudicial discrimination, and subpar locational decisions. While the market value of assets normalized by the book value, a commonly used proxy for Tobin's q, measures achieved performance, the market-value inefficiency ratio gauges the shortfall between best-practice and achieved performance and, as such, measures the extent of agency costs.
In each of the two years, we use maximum likelihood techniques to estimate the highest potential value of a bank's investment in its assets by fitting an upper envelope of the market value of banks' assets (MVA) to their replacement cost, proxied by their book value net of goodwill (BVA):
where
from the systematic shortfall,  i ( 0), from bank i's highest potential (frontier) market value. We assume that  i is distributed normally for the 2007 frontier,  i ( 0) ~ iid N(0,   2 ), and, for the 2013 frontier, exponentially,  i (> 0) ~ θexp(−θu). The quadratic specification allows the frontier to be nonlinear. The frontier value, FMVA i , is given by the deterministic kernel of the stochastic frontier,
The stochastic frontier, SFMVA i , consists of the deterministic kernel and the two-sided error term: Figure 1 illustrates the relationship of the deterministic kernel to observed market value at any given book-value investment in assets.
The difference between a bank's stochastic frontier market value and the observed market value defines the bank's market-value shortfall,  i , which is measured in dollars of lost market value. Formally, a bank's shortfall is defined either by the difference between its potential value on the stochastic frontier and its observed market value or, equivalently, by the difference between its value on the deterministic kernel and its noise-adjusted market value:
where MVA i −  i is the noise-adjusted observed market value of assets. Since the shortfall,  i , cannot be directly measured, it is estimated as the expectation of  i conditional on  i :
For more details on this technique, see Bauer (1990) and Jondrow, Lovell, Materov, and Schmidt (1982) . The market-value inefficiency ratio expresses the shortfall as a proportion of the highest potential value:
market-value inefficiency ratio
We can use the noise-adjusted observed market value expressed in (3) to adjust the standard proxy for Tobin's q ratio,
for noise:
noise-adjusted Tobin's q ratio = (MVA i −  i )/ BVA i .
A number of studies have used the market-value inefficiency ratio as well as the noise-adjusted q ratio to measure performance. 8 Figure 1 (reproduced from Hughes, Jagtiani, and Mester, 2016) provides an illustration of the concepts. In this example, bank i invests 100 in assets and achieves a market value adjusted for statistical noise,  i , of 108. Its highest potential value is 120. The shortfall of its achieved value from its potential is 12 (=120-108). Its market-value inefficiency ratio is 0.10 (=12/120), and its noise-adjusted Tobin's q ratio is 1.08 (=108/100).
III. Measuring the Value of Investment Opportunities 9
In addition to measuring financial performance, Tobin's q ratio is also used to measure the value of investment opportunities. For example, Yermack (2006) uses the q ratio to measure and control for the value of investment opportunities in regressions intended to explain the personal use of company jets by the CEO. In regressions to explain CEO compensation, Core, Holthausen, and Larcker (1999) use the market-to-book ratio to control for the value of investment opportunities.
The accuracy of Tobin's q ratio as a measure of the value of a firm's investment opportunities is compromised when agency problems reduce a firm's market value. To avoid this bias, the measure should be independent of the actions of a firm's management, and it should gauge the highest potential value of a firm's investment opportunities. The stochastic frontier estimation can be used to obtain the highest potential value of assets in the particular markets in which a firm operates. This frontier differs from the frontier in (1) used to estimate the highest potential value over all markets in which firms in the sample operate. In the case of the efficiency frontier (1), a bank's highest potential value is gauged from its peers with the same book-value investment in assets. In the case of the investment opportunity frontier, a bank's peers are not just those of the same size, but also those operating under similar market conditions such as the macroeconomic growth rate and market concentration. Since this frontier is estimated over the entire sample of banks, the estimated highest potential value of the investment opportunities of any individual bank is independent of its own achieved value.
We obtain this potential value by adding variables to the frontier in (1) that capture the economic opportunities of the markets in which a bank operates -the weighted ten-year average GDP growth rate (Growth i ) and the weighted average Herfindahl index of market concentration (Herf i ) for these markets, where the weights are deposit shares. We interact both growth and market concentration with the investment in assets, BVA i . Using maximum likelihood estimation, we fit the following equation to banks' market values: to improve the fit of the frontier for small banks, we set α = 0, which implies that a zero book value of assets is associated with a zero market value of assets.
The value of the deterministic kernel of the stochastic frontier, NFVA i , provides the bestpractice value of a firm's investment opportunities in the markets in which it operates:
NFVA i = α + β A (BVA i ) + γ AA (BVA i ) 2 + γ AG (BVA i )(Growth i ) + γ AH (BVA i )(Herf i ).
We normalize the frontier value obtained in (9) by the book-value investment in assets adjusted to remove goodwill, which we define as the investment opportunity ratio: investment opportunity ratio i = NFVA i /BVA i .
The highest potential value defined over the markets in which a bank operates is its charter value, the value it would obtain in a competitive auction. Its franchise value is its achieved value.
Charter value exceeds franchise value when agency problems erode market value.
The efficiency frontier and the investment opportunities frontier differ in how they define a firm's peers for the purpose of estimating the highest potential value of its assets. The frontier that controls only for asset size defines peers broadly by size over firms in all markets in which the industry operates. Thus, market-value inefficiency defined by this frontier identifies market value from firms operating in the most valuable markets and penalizes firms operating in less valuable markets -just as capital markets penalize such market disadvantages. On the other hand, the frontier that controls for asset size as well as market conditions estimates potential value for peers of similar size and market opportunities. This value for any firm is generally less than that obtained from the former frontier.
IV. The Data
We 
V. Financial Performance and Capital Structure
To explore the relationship between banks' financial performance and capital structure, we regress performance measured by ln(market value of assets) and by the market-value inefficiency ratio on capital structure and a set of control variables, including asset size, asset allocation, offbalance-sheet activities, asset quality, ownership structure, and the value of investment opportunities. While the market value of assets measures achieved financial performance and is thus correlated with agency costs, the market-value inefficiency ratio more directly measures agency costs as the difference between best-practice performance and noise-adjusted achieved performance.
A. Controlling for Capital Structure
The influence of capital structure can differ between larger and smaller banks. The better diversification of larger banks could imply that, for any given expected return, the lower associated return risk yields a lower risk of insolvency for any given equity capital ratio. To capture this difference, we interact the ratio of equity capital with the log of assets.
The influence of capital structure can also differ between banks with lower-and highervalued investment opportunities. As explained previously, for those with lower-valued opportunities, higher risk-taking might be correlated with higher market value, while, for those with lower-valued opportunities, lower risk-taking might be correlated with higher value. For the former, a higher risk-taking strategy can be associated with a lower capital ratio, and, for the latter, a lower risk-taking strategy, with a higher capital ratio. To capture this possibility, we interact the equity capital ratio with the investment opportunity ratio.
As a result of these interactions of the capital ratio with the log of assets and the investment opportunity ratio, the derivative of performance with respect to the capital ratio will depend not just on the capital ratio but also on the size of the bank and the value of the bank's investment
opportunities.
An important component of debt that distinguishes the business strategy of banks is their reliance on deposits. Consequently, we include the ratio of deposits to total borrowed funds.
B. Controlling for Asset Allocation, Off-Balance-Sheet Activities, and Asset Quality
We account for the consolidated assets of banks by including two terms: the log of the book value of assets and the log squared. We characterize the allocation of assets by the ratio of total loans to assets and the ratio of liquid assets to assets. Liquid assets are defined as the sum of cash, balances at other financial institutions, federal funds sold, securities, and securities sold under agreement to repurchase. Off-balance-sheet activities are represented by the ratio of noninterest income to total income. We account for the composition of the loan portfolio with the following ratios: residential real estate loans to assets, commercial real estate loans to assets, consumer loans to assets, and business loans to assets. Loan quality is taken into account by the ratio of nonperforming loans to assets, where nonperforming loans is the sum of past-due and nonaccrual loans, gross charge-offs, and foreclosed real estate owned.
C. Controlling for Ownership Structure
Jensen and Meckling (1976) point out that the proportion of outstanding shares owned by an insider represents the insider's price of a dollar of firm value allocated to the insider's private benefit and argue that higher insider ownership increases the price of agency goods and, thus, better aligns the interests of inside owners with those of outside owners -a phenomenon they call the convergence-of-interests hypothesis. Citing a study by Weston (1979) that finds that no firm where insiders own 30 percent or more of outstanding shares has ever been acquired in a hostile takeover, Morck, Shleifer, and Vishny (1988) hypothesize that increased insider ownership enhances insiders' control and makes it more difficult to fire them or to replace them by a hostile takeover -a phenomenon they call entrenchment. They add to the alignment-of-interests hypothesis a second, contrasting one, the entrenchment hypothesis. As insider ownership increases, managers' interests are better aligned with those of outside owners so managers tend to consume fewer agency goods; however, managers also become more entrenched -more difficult to fire -which implies they tend to consume more agency goods. Using U.S. data on firms, Morck, Shleifer, and Vishny (1988) estimate a piece-wise linear relationship between Tobin's q ratio and ownership by officers and directors. For levels of insider ownership between 0 and 5 percent, they find a statistically significant, positive relationship; between 5 and 25 percent, a significant negative relationship; and over 25 percent, weaker evidence of a positive relationship. They interpret the positive signs as evidence that the convergence-of-interests hypothesis dominates entrenchment and the negative sign, that entrenchment dominates convergence. DeYoung, Spong, and Sullivan (2001) reach similar conclusions from regressions that relate performance to a quadratic specification of ownership at banks. Hughes and Mester (2013a) use a cubic specification of ownership and find the three regimes of Morck, Shleifer, and Vishny (1988) , also at U.S. banks.
These specifications assume that the relationship between performance and a given level of insider ownership is independent of the size of the firm. However, ownership at large financial institutions is limited by the personal wealth of insiders. Thus, the performance incentives of owning 5 percent of outstanding shares at a large bank are likely to differ from those at a small bank. We allow asset size to influence performance incentives by interacting the proportion of outstanding shares owned by insiders and the squared proportion with the logarithmic transformation of asset size. As a result of these interactions, the derivative of performance with respect to insider ownership depends not just on the proportion of insider ownership, but also on the log of asset size and the interaction of insider ownership and the log of asset size.
In addition, the performance incentives created by managerial ownership may differ by the value of investment opportunities the bank experiences. Higher-valued investment opportunities may relieve performance pressures on managers and allow them to consume more agency goods while achieving a relatively high market value. We investigate this incentive by interacting the proportion and the squared proportion of outstanding shares owned by insiders with the investment opportunity ratio. We follow a similar strategy with respect to the proportion of outstanding shares owned by blockholders: we interact this proportion with the log of assets and with the investment opportunity ratio.
D. The Performance Equations
We apply the general-to-specific modeling strategy to identify the best specification for each
year's two performance equations. 10 In each regression, we start with the same general specification, which includes all the explanatory variables described above. The root explanatory variables we consider include the ln(book value of assets) and ln(book value of assets) squared; asset quality, measured by the ratio of nonperforming loans to total assets; the proportion of outstanding common shares owned by officers and directors at the end of the prior year interacted with the ln(book value of assets), and interacted with the investment opportunity ratio; the proportion of outstanding shares owned by blockholders, that is, holders of 5 percent or more of outstanding shares at the end of the prior year interacted with two variables, the ln(book value of assets) and the investment opportunity ratio; 11 the ratios of loans to assets, residential real estate loans to assets, commercial real estate loans to assets, consumer loans to assets, and business loans to assets; the ratio of liquid assets to assets; off-balance-sheet activities measured by the ratio of noninterest income to total income; the ratio of deposits to total borrowed funds; and the ratio of equity capital to assets and its interaction with two variables, the ln(book value of assets) and the investment opportunity ratio. Table 1 gives the definitions of these variables.
Our initial specification includes these 20 control variables and an intercept term. We focus, in part, on the effects of the capital ratio's interaction with asset size and with the value of investment opportunities on performance; consequently, we keep these two variables in the process of applying the general-to-specific modeling strategy. Hence, except for these two variables, we remove the explanatory variable associated with the largest reduction in the Akaike Information Criterion (AIC), one-by-one sequentially until the AIC stops decreasing. We carry out this strategy for the regressions involving each of the two performance measures for each of the two years. 12
In summary, the general specifications of the performance equations we estimate are as follows:
where P i = Performance, as measured by ln(market value of assets in $1000s) and market-value inefficiency, and X is the set of regressors:
nonperforming loans/assets, Based on the estimated parameters reported in Table 4 for 2013, the derivative of ln(market value of assets ($1000)) with respect to the capital ratio is:
∂ln market value assets)/∂capital ratio = 4.83162 + (0.23864)(ln(book-value assets (1000s)) + (0.65724)(investment-opportunity ratio).
(Coefficients in bold print are statistically different from 0 at a 10 percent or better level.) The estimated value of the derivative is positive for 132 banks and negative for 35and 97 of the positive values and 15 of the negative values are significantly different from 0. On the margin, a reduction in the capital ratio at these 15 banks exhibiting a negative value is associated with a higher market value, which suggests that market discipline may work against financial stability at these banks. Table 5 lists these 15 banks in descending order of consolidated assets. Note that each has more than $50 billion in assets, which makes them subject to increased regulatory scrutiny under the Dodd-Frank Act.
The comparable derivative when performance at the end of 2013 is measured by marketvalue inefficiency is ∂market-value inefficiency/∂capital ratio = 12.84052 + (0.45283)(ln(book-value assets (1000s)) + (4.25213)(investment-opportunity ratio).
In this case, 133 banks have a negative value, with 110 being statistically significant, and 33 have a positive value, with 20 being statistically significant. 13 Thus, at the margin, a reduction in the capital ratio at these 20 banks is correlated with reduced market-value inefficiency, which suggests market discipline at these banks could work against financial stability. Table 5 reports these banks in descending order by asset size. Each holds consolidated assets greater than $50 billion.
To illustrate, consider the largest bank on the list in Table 5 , JPMorgan Chase. The value of the derivative of ln(market-value assets) with respect to the equity capital ratio is estimated to be 0.99720, indicating that a decrease in the equity capital ratio of 0.01 is associated with a +0.997 percent increase in market value. The next three largest financial institutions exhibit a similar effect. The value of the derivative of market-value inefficiency with respect to the equity capital ratio for JP Morgan Chase is estimated to be 1.29674, indicating that a decrease in the equity capital ratio of 0.01 is associated with a decrease of 0.0129674 in its market-value inefficiency ratio.
Two of the next three largest financial institutions exhibit a performance effect of similar magnitude.
Tables 6 and 7 compare the means of key variables for the groups of banks with positive and negative derivatives for 2013. As shown in columns 2 and 5 of Table 6 , for the banks whose performance is positively related to their capital ratio (which is the majority), an increase of 0.01 in the capital ratio is associated with an average increase of 0.3970 percent in market value and a 0.4534 percent decrease in market-value inefficiency (that is, with higher efficiency). For banks whose performance is negatively related to their capital ratio (which is a small number of banks), an increase of 0.01 in their capital ratio is associated with an average decrease of 0.6782 percent in their market value and an average increase of 0.8759 in their market-value inefficiency. Thus, for this small number of banks, there are market incentives to reduce their capital ratios on the margin.
But note that the average size of banks in this category is considerably larger than that of banks in the other category that experience the incentive to increase their capital ratio. The 15 banks whose ln(market value of assets) is negatively related to the capital ratio hold on average $791.8 billion in assets as opposed to the 97 with a positive derivative that hold on average $3.4 billion in assets.
Similarly, the 20 banks whose market-value inefficiency is positively related to the capital ratio hold on average $614.2 billion in assets, while the 110 banks with a negative derivative hold on average $5.1 billion in assets. The banks whose performance is negatively related to their capital ratio hold more than $50 billion in assets, which makes them subject to increased regulatory scrutiny under the Dodd-Frank Act. These large banks on average achieve a lower Tobin's q ratio but also exhibit lower-valued investment opportunities. Nevertheless, they achieve a higher proportion of their potential market value -a lower market-value inefficiency ratio. Hence, it appears that they exploit their lower-valued investment opportunities more effectively. Finally, they hold on average a higher ratio of Tier 1 and Tier 2 capital to assets. 14 Table 7 compares means of variables that characterize asset allocation, off-balance-sheet activities, and reliance on deposits for these two groups of banks. As expected, these differences reflect the well-known differences between larger and smaller banks.
Tables 8-11 repeat the analysis above using 2007 data. 
The estimated value of the derivative is positive for 33 banks and negative for 109, showing that right before the crisis hit, few banks appeared to have a market-driven incentive to increase their capital ratio, while many appeared to experience the opposite incentive. None of the 33 positively valued derivatives is statistically significant; only 29 of the 109 negatively valued derivatives are statistically significant, but these banks are among the largest banks in the sample. Panel A of Table 9 lists the derivatives for the 17 banks whose assets exceeded $50 billion in 2007. Note that for all of these banks, their derivatives of performance with respect to the equity capital ratio are statistically significantly negative. Panel B of Table 9 shows all 29 banks with statistically significant negative derivatives, ordered by their statistical significance. The capital-market incentive to reduce the capital ratio extends from the largest banks to much smaller banks. Tables 10 and 11 compare the means of key variables for these 29 banks with those of the 33 banks with positive but statistically insignificant derivatives. These 29 banks are on average much larger and exhibit the typical characteristics of larger banks.
When performance is measured by market-value inefficiency, the derivative of performance with respect to the equity capital ratio is ∂market-value inefficiency/∂capital ratio = 3.18169 + (0.27177)(ln(book-value assets (1000s)) + (1.02550)(investment-opportunity ratio). (15) The estimated derivative is negative for 96 banks (with 61 of these statistically significant) and positive for 46 banks (with 13 of these statistically significant). Thus, increasing the capital ratio is associated with reduced market-value inefficiency (that is, better performance) at 61 banks. But reducing the capital ratio at the 13 banks with a significant positive derivative is associated with reduced market-value inefficiency. This suggests that market discipline might work against financial stability at these banks to the extent that it gives an incentive to lower capital ratios. As shown in Table 9 , all 13 banks with a significant positive derivative had assets greater than $50 billion in 2007.
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To illustrate, consider the largest bank on the list in Table 9 , Citigroup. The value of the derivative of ln(market-value assets) with respect to the equity capital ratio is estimated to be 1.07774, indicating that a decrease in the equity capital ratio of 0.01 is associated with a +1.07774 percent increase in market value. The next two largest financial institutions exhibit a similar effect. The value of the derivative of market-value inefficiency with respect to the equity capital ratio for Citigroup is estimated to be 1.60196, indicating that a decrease in the equity capital ratio of 0.01 is associated with a decrease of 0.0160196 in its market-value inefficiency ratio.
The next two largest financial institutions exhibit a performance effect of similar magnitude. These results suggest that the capital market appears to reward riskier capital strategies in 2007.
Of course, our results are based on simple regressions, and there are several caveats that one should apply to avoid over-interpreting these results. In particular, we cannot infer causation from these results. We take the results as merely suggestive of a statistically significant association that calls for further analysis. But we also take them as a caution that one should be careful not to assume that market discipline will drive incentives leading to a more stable financial system. A natural conclusion would be that regulatory capital requirements are necessary.
V. Conclusions
Using measures of performance and investment opportunities derived from stochastic frontier analysis and 2007 and 2013 data on top-tier, publicly traded U.S. bank holding companies, we find evidence of two faces of equity investment. At banks with higher-valued investment opportunities, on the margin an increase in their equity capital ratio is associated with better financial performance, while at banks with lower-valued investment opportunities, a marginal decrease in their equity capital ratio is associated with better financial performance. Because the largest U.S. financial institutions tend to have lower-valued investment opportunities, our results suggest that they may have a market-based incentive to reduce their capital ratio. To the extent that market discipline rewards reducing the capital ratio among the largest banks, it would tend to undermine financial stability. Our results support the need for regulatory capital requirements.
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Market-Value Frontier
Stochastic frontier estimation yields the potential market value of assets as a quadratic frontier of the book value of assets net of goodwill. The error term, N(0,  2 ) , and the systematic shortfall from bank i's highest potential (frontier) market value. For the 2007 data, we adopt the half-normal distribution,  i ( 0) ~ iid N(0,   2 ), for this shortfall; and for the 2013 data, the exponential distribution,  i (> 0) ~ θexp(−θ u). The quadratic specification allows the frontier to be nonlinear. In this example, bank i invests 100 in assets and achieves a market value adjusted for statistical noise,  i , of 108. Its highest potential value is 120. The shortfall of its achieved value from its potential is 12 (=120-108). Its market-value inefficiency ratio is 0.10 (=12/120), and its noise-adjusted Tobin's q ratio is 1.08 (=108/100). 15 This figure is from Hughes, Jagtiani, and Mester (2016) and also appears in Hughes, Mester, and Moon (2016). Table 1 Data Definitions Book-value of assets represents book value (thousands) of total consolidated assets at the end of the year. Adjusted book value is obtained by subtracting goodwill from book value to remove components derived from market value. The market value of assets is proxied by the ratio of the sum of the book value of liabilities and the market value of equity to the adjusted book value of assets.
Market Value of Assets
The market-value inefficiency ratio is a measure of relative agency costs given by the difference between the highest potential value of a bank's assets over all markets found in the sample and the bank's noise-adjusted achieved market value (lost market value) divided by the highest potential value of assets over all markets, which is estimated by a stochastic frontier technique. The value of a BHC's investment opportunities is measured by fitting a stochastic frontier to the market value of assets as a function of the book value of assets and, in the bank's local markets, the marketweighted, 10-year average macroeconomic growth rate and the BHC's market-weighted Herfindahl index of concentration. The investment opportunity ratio is the highest potential value of the bank's assets in the markets in which it operates divided by the book value of assets adjusted to remove goodwill.
Tobin's q ratio is the ratio of the market value of assets to the adjusted book value of assets where the market value of assets is proxied by the sum of the market value of equity and the book value of liabilities. The noise-adjusted Tobin's q ratio is market value of assets less statistical noise derived from stochastic frontier estimation.
The nonperforming assets ratio is the sum of past-due and nonaccrual loans, gross charge-offs, and foreclosed real estate owned divided by total assets.
Liquid assets are defined as the sum of cash, balances at other financial institutions, federal funds sold, securities, and securities sold under agreement to repurchase.
The ratio of equity capital to assets is given by the sum of common stock, retained earnings, and perpetual preferred stock divided by total assets. The ratio of financial capital to assets is the sum of equity capital, loan-loss reserves, and subordinated debt divided by total assets.
Insider ownership is the proportion of outstanding shares owned by officers and directors in the year before, i.e., in 2006 or 2012. Blockholder ownership is the percent of outstanding shares held by blockholders (holders of 5 percent or more of outstanding shares based on 13D filings) at year-end 2006 or 2012. The full sample consists of 167 publicly traded, top-tier, U. S. bank holding companies at year-end 2013. The data are obtained from the Y9-C Call Reports, Compustat, and the Corporate Library. Performance is measured by the ln(market value of assets) and market-value inefficiency. The value of the derivatives of ln(market value assets (1000s)) and market-value inefficiency with respect to equity capital is given for the 21 banks whose consolidated assets exceed $50 billion in 2013, which subjects them to enhanced prudential supervision under the 2010 Dodd-Frank Act. Assets (1000s) 
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Comparisons of Financial Performance in 2007 for Banks with Positive and Significantly Negative Derivatives of Financial Performance with Respect to Equity Capital Ratio
The data set includes 142 publicly traded top-tier bank holding companies at the end of 2007. There are 33 banks with a positive valued derivative of the ln(market value of assets), but none of these values are statistically significant. Hence, lacking any statistically significant positive values, these 33 banks are used in the comparison of means with the 29 banks whose negative derivative is significantly different from 0. In the case of the derivative of market-value inefficiency with respect to the capital ratio, there are 61 banks with a statistically significant negative derivative and 13 banks with a statistically significant positive derivative. The p value represents the statistical significance of the comparison of means in the pairing. Pairs of means in bold are statistically different at stricter than p = 0.10. 
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